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(54) PROJECTION OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection 
optical system at which aberration is sufficiently 
corrected to project the picture of a display element in 
which miniaturization and an high density picture 
element are attained and whose cost is reduced. 
SOLUTION: This system is orderly composed of a first 
negative group Gr1 t a second positive group Gr2 f a third 
positive group Gr3 and a prism PR from an enlarging 
side. The first group Gr1 has only a negative lens as a 
lens and also has an aspherical surface r4*. The second 
group Gr2 is composed of a positive lens, and has an 
aperture diaphragm SP at the nearly front side focal 
position of the third group Gr3. The third group Gr3 has 
at least, one positive lens consisting of a lens material 
whose abnormal part dispersibility and Abbe number are 
regulated. 
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(57) [SSft] 

. IBM] 'hSHb • RSB*{fcWitA/«f«^*-?-«>Siifc* 

*SA«J&»e>IHK» *»Ml*(Grl). IE 
0*2*(6r2), IEcoS(|3g¥(Gr3), XA (PR)*»e>ril 

1 1 4>lc^3*®(r4*)Sr^ri-5. ^2S¥(Gr2)*sjEU>X 




ri^sfc 9 , & 3 « (Gr3) ©lifflWffll^^fitlltHI P « 9 
u>XWW>f>^iEi^>^> Sg3i¥(Gr3)flS'>ft< 



J 

lB£, jEO^t7-S:fl-rS*2»4:, 3E<D»<!7-«:* 
X£ £ i: fclcJHta *'>#< £ 1> 1 ffi*U- 

; 

0. 015< 6 - (0. 644-0. 00168- v d) <0. 06 
65<vd<100 

e = (ng-nF)/(nF-nC) 

vd=(nd-1)/(nF-nC) 

ng: g»(RJM35.84nnO Jffltfr** 

nF: F»(jK«:486.13nn0tC»rSJBSf*, 

nd: dj»(Kft:587.56nm)^a"f SfflSf*, 

nC : Cj»(»ft:656.28rmO^»-rSffl*f*, 

2.5<f2/f0<5 
2.5<f12/f0<13 

fO : aJB#**©£*©fc-fc«B*. 

f2 : ft2B<0«£EIK« 

f12 : JBi»tJB2BO^*j**ElB, 

m** 3 ] sifiE* 2 b#. ftmm&'p* < 1 1 1 s 

*i-*jEu^X 1 ft©** u^Xi: LTW1~5 <t *4# 
« £ -f SB** ixiiK** 2 
[W#*4] ttEJf!2tt*s, i^X 
JrlEU^X© 2 ft©** uz^Xi: LT^i"^ ^ t i&m 

-tzmsmtzm*-. imtiebibj&s*^*©**^ 

Xi LT^-r^ £ «fc tJ-*«ffi* / >*< ttlifU 
*WE)B2B*«jE^vX«:'>ft< i: 1 ftWi"5 i: feK 

2.5<f2Xf0<5 
2. 5<f12/f0< 13 

f0 : a»5t**«?±*^«jRE«, 

f 2 : »2B©.«^EH6, 

f 12 : ftlB£*2Ba£rtftjMEJt, 

H6WWBHB4BIW] 



(2) 1#i2 0.0 0-305012 

2 

[0 0 0 1 ] 
[0 0 0 2] 

l-a«-r-6^o^a^^--3&S|£<^jffi$^5J: 5(c*o 

- 3 0 ^liigOiS^ 3 «*©«ft-^o v?^ * * 

[0 0 0 3] wCOi ^ — (C^VMb^t^a 

«FH¥9-2 6 5 4 2f^«, »B?9.- 
9 6 7 5 9 10-142503 -JWHR. 

20 0- 1 7 0 8 2 4#4*«-0«*£ftT^S. r 

*Lfeli¥!tfia*4 0° 8^s««¥*-efc^ 
«^*^©iij«Sra«i-5tctias*tt«gSr*rLT^ 

v-*<fcV\fc», J:9*lii*o***-?-Sra«-*-5ri:ttH 
JTCfc*. ±9Ktt«ftJSW***i: UTfi, #i¥7 

- 2 7 0 6 8 0*^«T«**;h/Cl^5 l" h 

50 Ift^2 0-2 8° Sft, F-#-W<— #4. 5"C&5 
[0 0 0 4] 

5o 0fl;ttf* ^^^-i/a^ffliiril 800X600 
Ks> h (S VG A) ©flMft^fc 1024x768 Ks>> (XG 
A ) £l±<DM&Lt) £ £ H£ £ ? Kfco T # T ^ 

TUt'S^fSCm\ «^¥«?M4 0 0TV 
^ov?3i^^-gfl£*/hS<ki-Sfc«)tw. MUSSED 

[0005] 'hm<t • ftmmik<DmAste$t7j*m*<Dmm 

*a»i-5fc«>lc(4, t^^J: «9 bKtttB*aiB****« 
50 «rlw*Bffl(r*3^rrt+#*«3^ hfb*?Sl*ir^-£'S 
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3 

[0 0 0 6] &&WteZ<D£5te#:$Llz&frXte£titz 
[0 0 0 7] 

i tfe*ri-s <t £ t kSuESS 3 »o(2(£«DrflM^B^n 

0. 01 5 < 0 - (0. 644 -0. 00168- vd)<0. 06 
65<vd<100 

e=( n g-nF)/(nF-nC) 

vd=(nd-1)/(nF-nC) 

ng: gj»(Kft:435,84rm0fc#i"5H#r*. 

nF: F»(jK*:486.13nin)t-»i-SaSf*. 

nd: dilKKS: 587. 56nm){c^i"S Btir 

nC : Cj*(aS*:656.28nm)Jc»i-5JB*r*. 

[0 0 0 8] Jg 2 0>»9K&aJB#¥*tt* ±EfR 1 

2.5<f2/f0<5 
2.5<f12/f0<13 

fO : &»ft^&<0±&<0&&&&* 

f 2 : % 2 »<Z>«;£EB8L 

f12 : !BlB4»2Bo£«fcj£e«, 

[ooo9] fB 3 ©«woaie***tt, JtteJS 1 Xli 

fc< <h fc iffi.#-i-SjEuvXlttO*«rUVX4: LtW 
[0 0 10] S4^rog8^lt JiEJBiXIl 

«2©*W0>flWM-*3^-c. iiei2S^, tyc«w»& 

[0 0 11] JB 5 <^*W t£*M*»&« 

1 gfa^uv-Xtf^S: L^>-X<t Ltft6i: <t t>M#3* 
itlitL. l»EJB2«^jEu>XSr'>4 



(3) ^2 0.00-3 0 5 0 1 2 

<tfci tStfrfS tit icittifEIg 3 B^(Slf ffi«4KjKffi 

2. 5<f2/f0<5 
2.5<f12/f0<13 

fO : aK5t**^±*Oj».*ffiHt, 

f2 : Sg2BO£„6SEBfL 

f 1 2 : m 1 S¥ t m 2 »0>^fiJ£*£8E«L 

[0012] 

[0013] il — El 10{1 31 1 1 O CDnM<Dj& 

20 ffijc-tix^ix»JCi-SU'^X«fi8;H-c*>Sc #^^X» 
/SB*, r i (i=1. 2, 3. . . . ) 3a«(**ixfcaB«:*t*:«(i"ftto 

ix«)jateo*»t, tt*«i35*bjai«w, ^^y-srw-r 

53llB(Gr1)£, lE<Oy<V—^^^% 2 B(6r2) fc , 
3E<b^!7-&*^5»3i¥(Gr3).£. ^{t^fc^^O 
aJK^^^fcSe ^tt, JBl»<Gr1)j&**i'>'XG> 

ffi*TLT*5«9, JR2B(Gr2)^i^>X4r^*< £ t> 1 
30 ft^-T^^ tt>«w*3W(Gr3)Oiatf(Wr«J»^tt«^H ' 
P&9 (SP)£*rLT^5 e *3B(Gr3)tO»/hfll 
(i-tt*>*>***T-«DJCtt, X-MPR)*SK«£*VC 
V^5o rco^y Xix(PR){4, DMDtffl^fc* 
tk5£ai^§l-:fc5tt£T I R (Total Internal Reflect i 
onJ^yXACttSU «ft*^«rfl3^fc3«5^«3S 

Mdistts* ? a^y XAtctas-f 5 0 
[0014] $i-Si ocoHJgo^flgtciottsmiB 
(GrD 14, St/MBJICGDCO 2 u >-X(G1 . G 

2)^f)Sotfc^ ffi/H&U^* u^X^G2)^> 

40 «/h«0BB(r4)tt#»ffi-Cfll*SixTt^6 o S1-S30 
ja6<0»«*r*3(tS*2B(Gr2)tt, tt*«^blOHJi, 
t£*ffl]K##B^r5) 1 *fctf>jE w >- X (G3) <t , M 

nj£9<SP)±:, ^5>*otPS. ^4, ^l0OSJS^> 
?Klfi(wi3«tsm2B(Gr2)tt, tt*«^6W*c, 
X(G3)<h. EU^X(G4)<t, ^P^^ (SP) t. frbt&i 
T^5o JB5— JB9^jat^»ttJ-*5CtS*2B 

(Gr2)(4, tt*:«l^e>IWc, ^uvX(G3)<t, f^P^*'; 
(SP)i:. jEU>X(G4)ir, /i^filcot^^o ^\.I5 
<DH«EO?^Sg(wioV IE u > X<G4) (Ott^iBflffi (r8) <4 

50 !E#®T-«J*$*L-C^*c 
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5 

[ o o 1 5 j gi-8io (onmmm^tert z&sm 

^ u >- X (G4) i£b O IE u V X (G5) ri> b fi)c £ u > 

j^db(7)jEu>X(G7.G8)<t, T«^Tt^o * 2 CO 
JOfcG>»lBfc*5tt 5 SS 3 S¥ (6r 3) li, PjQDO^ u >X (G 
4)Xt) c H£iOjEU>X(G5)d^bfiKS»'&^>Xi:, ffitHl 
cq^u>-X(G6) j^£b<OjEl^^X(G7) t, jffi/J^«J*CDfl 
CD^y^*#* UVX(G8) 2ft<0f^£bC0iEU>X(G 70 
9.G10)t, tMSftTV^. SR 3 ©Jlffitf>«»c:l3tt 
5»3#(Gr3)li. f^nao^U>X(G4) pEjdbcOjEW 
>-X(G5)<t, i^|iao*U^X(G6) pSidbcOjEUVXCG 

[0016] 14, »5©38ffi©*WU3l*6*3»(G 
r3) tt, m^MOfi U^X(G5) &t>*PI£bcDiE U>-X(G6) ^ 
i^Xt, «/h«lcoa©*^=i^*^u^X 
(G7)£. 2fecDf^dbOjEU>X(G8.G9) dr. T*1ffj&£*L 
T^5o 16, »9^)*lt<D»tB^fc«t6M5 3»(Gr3) 20 
ti, jfg/JMI'JlciiacD^ u>X(G5)&LW£iG9:E 
lx >- X (G6) ^ b at 5 ^ ^X £ , pfij DO 0> A u > X (G7) 

ffl£i£>IEw>'X(G8) ^/HfllJtillflOA* 
w>X(G9)£, 2fecop3fi^jEU>X(G10, G11) 

W(Gr3)W:. m'bMKW<D&* U>-X(G5) t . 
j^i£b^)EUVX(G6) t. KH10Au>X(G7) i: , i^dlco 
IE u >- X (G8) t , fi|/J MBA I- Ofl©^^^^^ (G9) 

2&<DPli£b<DiEU>'X(G10,G11) "CfllJBRSixT 
V>5o fgl 0O3ltSo^ffi^i3»t-5Sg3»(Gr3)tt, ff 30 
/JMMMfiiOjE* — u>X(G5) PDQO^ u^X 
(G6)£, f^tfb^jEU^XCG?) ir, f^MO^ u>X(G8) 

2ttOKi£bW]EU'>'X(G9.G10) fc, TfllftSnt^ 

[0017] JtE*Stlfi©*«o J: 5 feH 
jc* • jE • jEco3»S:«x.^lS:J»*;^»t-*5V>-Ctt, IK 
lS£(Gr1)^A uyXW^uyXi: 1X^*1" S £ 1 
li##ffiS:*J>ft< £ i> 1 ®tU JB2»(Gr2)*«jEU>' 
Xfe'Xc < t fc 1 tStfTT 5 t <b t KJB 3 S¥ (Gr3) (Olitf 
ftfrfflft^ttftlcMnlKQ (SP)£WU £ <btim 3 (Gr 40 
3) j&SEAT 0 ) J&lf (2) Sr«J£-T 5 i/>Xtf»*» 6> 

j«5:£u>X*'>ft< fct lfttt5:^ 5 aSL^o 
0. 015< 9 - (0. 644-0. 00168- v d) <0. 06 ■ (1) 
65<vd<100 -(2) 
fcfcTU • 

0=(ng-nF)/(nF-nC) 

vd=(nd-1)/(nF-nC) 

ng: gj»(j6ft:435.84mn)(l*r-rsaiff^, 

nF: Fi»(ifift:486. 13nm)(l«-rSH«r*. 

nd: di»(ifiS:587.56nin)(C»-rsiS«f*. 50 



•»BB 2000-30 5 012 
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nC: CJfttjKfi: 656. 28mi0 SJBSf*. 
[0 0 18] ffifflt^^^WcOgi 

LTis 9, ftfl=5K(1)olBart*5|RlCvd 

(r s/^sc) o y — ^/u^t^ mm* ? ^) o^c^tf^ 

SriS0.015.fc -^y^^^^Jt^ 
[0019] m 2 1 (r, * • 3E • iE<0SJg3fc^*o u-.^ 

xise^m^;W(w^-r 0 B2it, 

[0 0 2 0] JLIS g J»0>fflF*feiK»i, £JLT-«OJ: 5*JR 

t) (SP) t fcO^^^ J f-^i(-fi:g-r^> 3E<D/<y-^r^*r^ 
AS 3 g¥ (Gr3) <DjE UlsXlzgftftWrt 7**m\< ^tzW; 
Sg3i¥(Gr3)iC;}o^-cig]2 i *©/J^Hl (AR1) T*^ b 

(DSrM^c-m <t{^t 9 g i»i:Ci»OfflF*feiRSSr«jE 
Lfc^tcii, 3ttt(AX)<^^ffl»cTttS g*offlF*feiR 

[0 0 2 1 ] LTt^oT, ft#*(1)OT»*M";tfc» 
»3»(Gr3)tcffiffl-r5U^X«-»<oa«»*ttdS 

*»*tttt3(t^fc-636*, ^rco <fc 5 ft u^X«-»tt-jft 

*43BttbJxft<ft5. ft«=a(2)^T»«:tt*.fc 
»£\ S3W(Gr3)rtOfe«U^5F+^(cft'9. tt-bfe 
iRSris*#<fto-CL*5o SMC 4k{tti2)<D±.m 

*<D±ot£u> xmm-mz l ft v > 0 

[0-0 2 2] |gl»(Gr1)*^ftu>X-(G2)tw£l:«tbn 
T ^ -5 ffi (r 4) (i . %m <AX) * ^tn 5 Ktfc o T S <D 
s<7— ^^>S<ft^«fc9ft®^«C»BJc$tLTt^o 
■<o*«ffiiz<fc "5 , '>4PU>XtS*TSillift«»Sr4ff 
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*-CfeS 0 JBl»(6r1)lc:*«Bnfcffli^tf. » 

ht>fc5 0 

[0 0 2 3] ifcjfctwJfc^fcJ: 1B2B£(Gr2)*<£> 
P*fjPi&9 (SP)tt, »3B(6r3)OKff«r«*.Affi«cE 

®2 8¥(Gr2)ou^XgSr/h$<i"Swi:^-c?#5c 18 
(D) fidlcEK $ ;ft,T ^5^9XA (PR) £ 3t* 

[0 0 2 4] tJME#SIJEtf>»1*0> J: 5 tc, tfcWRMvfcW 
IC^ • jE - jE0 3SS:«i, ® l#(Gr1)as£u>X<7> 
^£ u:<Xfc LT^ihS ^ fc fc^#«ffi«r*4 < £ l 
B^U S2l¥(Gr2)^uvX§r^^< £ t> ltStfrf- 
£ 4: £ t Km 3 » (Gr3) ©litfffl««jfe<B«fcM ntt 0 

5fc(3). (4)GD'>ft< fcfc— #fcWM-Sw*#»*L 

2.5<f2/f0<5 -(3) 
2.5<f12/f0<13 -(4) 

fO : J5UB3t**©^*<Oj*jfiEPi, 

f2 : »2»(Gr2)<a«*SE«* 

f 1 2 : IB 1 0 (Gr 1 ) t IB 2 & (Gr 2) AM XXEMU 

[0 0 2 5] *fl=*(3)tt. MIPJSE9 (SP)fe«A/*r»2 
»(Gr2)O^AEKOiBE^«BHSr^Lrv^o 
df*. JB2»(Gr2)©J*A8EIB* s , ±SG>fcj£EI«0> 
2. 5«*^5«^«5ffl^*ixS«t5Jc«fiRSn-CV^ 
sr^^Lti/^c ftfl=*(3)0>T8i*rtt;tfc»S\ 
m 2 g¥ (Gr2) (D&j&m&tf&lEtm it)/h*<49, fB 
2B(Gr2)T«*i-SiRf6(*SI-«®»lX^) < ft- 
5 0 o£«9, ft«=a(3)<©T»*:iH*.6 4:, 
X* JR -C«* £ tl t: % 2 S¥ (Gr 2) "C tt , T-f>;<-*W 

ix6F-^>/<— SriSriti-Stwli, IB2H(Gr2)tf>w>X 

ft»as£<ft9. hr y^s»te»nft< ft5 c a? 

ft#*(3)OJL«*«*fc»fi\ »2i¥(Gr2)o»j* 
BW s *:EttllJ:9*#<ft0, *0££-maJK3te^ 
%k(D£.£: • s<y9 7jt— ft5„ rtf>S§3\ S 

K^i^nw^ hfk*s«fiJt*ixi", hr^xt 

«tfb*Lft<<\> *fcjfcfl=*(3)<o±BR*rtt*-fc*f8t? 



(5) ftffi 2000-305012 

[0 0 2 6] *«=a(4)tt. JBlt¥<Gr1)<!:IB2£¥(Gr2) 

li. »i»(Gr1)iJB2»(Gr2)^filt«jfeBE(lt*^ ±* 

IdflUfi £ ntv > $ r t £^ LT ^ 5 c *#5* (4) OTPS 
&8x.fc*^, 3Sl W(Grl) i:»2»(Gr2)0^fi£^E 
mtmiEmmX 9*S<ft9, Jfll Wffirl) • »2#<Gr 
2)T«4i-5iRS6(r<o»^li4*^S'« J ?»3»*l««) * 5 * 
#<*5. iS?l-, *«=*<4)OJb»«r«;i*:»g\ JSl 
70 « (Grl) <h SB 2 1¥ (Gr2) ^^AMjftEMI^iBjEtBB J: 9 * 

5. WdJBi»(Gr1)<OU'^XS3&s*:Sr<*S^i>blw 
✓<y^:7*-#*^fi<ft9, 

. (Gr3) {c&m -r 6 7 x<om* 

*t<4Sfc«>, = * hT:yXas«ttfc:h,ft< ft5, 
[ 0 0 2 7] Il-S3^i^l^«t9^ f 
(Gr2)^, *«ffi*:*ft< £ fc lffitt5IE^yX(63) 

1 ft(o^*vyxt t-r^ts w ^ ^s* tv\ !B2g¥ 

(Gr2) OTIE u ^X (G3) KBttt btlX 1/ ^ ^> (r5) ti, 
20 3t Ml (AX) 76^ h mti 5^ot® <D'< »7-d^^<*5J: 

5c »2»(Gr2)Srl«:<DjEU^X(G3)-C«*i- 

[oo 2 8] s4-n o<Dnm<nj&m(D£oi^ %2 

»(Gr2)3&s. Jt*:«l^bWH*^VX-(G3) ^jEL>^X(G 
4) (D 2 ft WS: ui/Xt Lttt 5 I i % 
2«(Gr2)Sr* • jE<D 2 ftO ^yXtlMt^ r t KX 

30 ©atBBJBWtottt A»ic*|jE-rs ^ <ir soffit ft 

[0 0 2 9] ft*5, ^L^^^JfeO^flg^t^UT^ 
5^g¥li. AWJI^fcJBlffJcJiOflirtlSiirSJfflJrffl^^ 

ffi] j&sjfffeix 6 * ^ u ^X) O^T'ttfiJc $ tit 1/ N 5 

u>X, A«3^*r«tftrt«>JBW*»*^J:9iBlft*-& 
SJB*r*»*ffl^^X*-e, #'»*:«* L tt J: t\ 
^ [0 0 3 0] 

fcAttMKKW1-5. ft*3. WTlcajtJfS^JfiWi-i 

IflT^^ Il-Sl 0^HJfioJKlfi«:*i-u>X« 
ABKia l ~H l 0) tt. »*Si-Sltl6«i — l 0ou> 
XStaRSr-tn-t'ix^UXv^S« 

[00 3 1] #H*S^I<o=i^^ h^^ >-a >f-^C^ 
i r i (i=1. 2. 3. . . . ) (*ffi*<BJ i« 
50 ecomcoft^^S, di(i=1,2, 3, . . . ) (itt^lRiJ^bft*. 
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(6) 



T i#S <0tt-h®BHPB*^ 9 s Ni (i=1. 2. 3. . . . ). 
v i (1=1. 2. 3, . . . ) tttt*«W*fc**."Ci#B 
OdjtftJw»i-SJS9r*(nd). T s/^SCvdJSr^UT^ 
5o ^JRoWABBfO. »2W(6r2)o*jftiaitf2 > ft 
1 & (Grl) fc ft 2 0 (6r2) ©***jftElBf 1 + V 
/<— FNOS:fiN:T^i-o 

[p 0 3 2] ft**eritc:*Hi3ftsW"S*tfcaDW:, 
^£r^ 1 l^^i"o 

X(H) = (C-H 2 )/{1+^(1-£ -C 2 -H2)] + (A4-H 4 +A6-H6+A8- 
H 8 ) -(AS) 
tztzV, 5£(AS)** 

X(H) : KSH0{St«^03ttt*f^0Kffi*(c51IjSS 

H 

C 

£ 

Ai 



20 



^§^2 000-305012 
[0 0 3 3] El 1 1 2 0 <iHKS0»J 1 ^ HJ£#'J 1 o 

l^y XA(PR)^^^^3t^]t-^n^ix^-rsiRii 

t^il)^TtT^^ 0 ^mitX^H*. Hj»(d)ttd 

ir*. -^«»(c)iici»tw*f-rsaffiiR^ »a*(s 
M)tt^ y^^^^na-c^dift(w>t-rs*^;ilx^** 

UT*d«9. ||j»(DS)ttif^^^ffi^dj»^»-rS* 
LTi^S. aittiRSia^o^lftttd 

£ LTgMt^J^lfiSS^D * > ic 

*^B(D t «*tf«4^*^ffi)* s **ffi"C*>53ftS, -LIS 

B (D) -C*^14IIBS:W« LTt>5o 
[ 0 0 3 4 ] 



v1= 70.44 — G1 



v2= 57.82 -62 



f0=14. 0, f2=46. 849, f 12=48. 929, FN0=3. 0 

<ftl#(GM)> 
r1= 179.586 

d1= 3.500 N1= 1.48749 

r2= 22. 101 

d2= 8.000 

r3= 31.041 

d3= 4.500 N2= 1.49140 
r4*= 17.683 

d4= 41.700 

<m2l¥(Gr2)) 
r5*= 25.501 

d5= 2.500 N3= 1.80518 v 3= 25.46 -G3 

r6= 75. 273 

d6= 0.500 

r7= oo(SP) 

d7= 15.000 
<fg3t¥(Gr3)> 
r8= -114.056 

d8= 2.200 N4= 1.75520 v 4= 27.53 - G4 

r9= 19.230 

d9= 8. 000 N5= 1. 61800 v 5= 63. 39 • -G5 

r10= -34. 146 

d10= 0.300 

r11= 76.958 

d11= 2.000 N6= 1.65412 v 6= 39.62 • -G6 

r12= 26.263 

d12= 4.300 



-6- 



(7) »H 2000-3050 1 2 

j j 12- 
r13= 189.654 

d13= 5.700 N7= 1.49700 v 7= 81. 61 -67 

r 14= -42.453 

d14= 0.300 

r15= 28.027 

d15= 9.000 N8= 1.49700 v 8= 81. 61 -68 

M6=-119. 185 

d16= 5.000 

c/yxi*(PR)> 

r17= oo 

d1 7=27. 000 N9= 1.51 680 v 9= 64. 20 

r 18= oo 

[0 0 3 5] 

IH 4 S (r4) <Dtmm*r - * ] 

f = 0. 0 

A4=-0. 86804X10- 5 
A6=-0. 32983x10" 7 
A8= 0.1 2539x10- 10 

[0 0 3 6] 

[US 5 m (r5) mmffiy*—*} 

f. = 1.0000 
A4=-0. 90326X10" 5 
A6= 0.42587x10-7 
A8=-0. 75340x10" 9 

[0 0 3 7] 

f0=16. 7, f2=53. 217, f 12=55. 696, FN0=3. 0 

<JSl»(6M)> 
r1= 192.628 

d1= 3.100 N1= 1.51680 v 1= 64. 20 •••61 

r2= 25. 931 

d2= 8. 300 

r3= 39.152 

d3= 4. 400 N2= 1. 49300 v 2= 58. 34 —62 

r4*= 19.182 

d4= 47. 000 
<!H2^(6r2)> 
r5*= 53.352 

d5= 3. 000 N3= 1 . 80358 v 3= 25. 38 ■ • • -63 

r6= -210.082 

d6= 0.300 

r7= oo(SP) 

d7= 15. 700 
<«3#(6r3)> 
r8= -294. 114 

d8= 2.200 N4= 1.80518 v 4= 25.43 --64 

r9= 54.136 

d9= 4.500 N5= 1.61800 v 5= 63. 39 —65 

r 10= -66. 161 



-7- 



[0 0 3 8] 



[0 0 3 9] 



[0 0 4 0] 



(8) 2000-305012 

J3 H 
d1 0=2.500 

r11=-182. 469 

d11 = 2.400 N6= 1.68150 v 6= 36.64 -G6 

r12= 33.904 

d1 2= 2.400 

r13= 37.908 

d13= 8.000 N7= 1.49310 v 7= 83.58 -G7 

r14=-37.908 

d14= 0. 300 

r15= 128. 145 

d15= 2. 800 N8= 1.68150 v8= 36.64 -G8 

r16= 32.653 

d16= 4.900 

r17= 137.824 

d17= 5.600 N9= 1.49310 v 9= 83.58 -G9 

r18= -57.246 

d18= .0.300 

r19= 43.413 

d19= 7.400 N10=1. 49310 v 10=83. 58 -610 

r20= -95. 205 

d20=1 0.000 
<^yX^(PR)> 
r21= oo 

d21=34.000 N1 1=1. 51680 v 11=64. 20 

r 22= oo 

[fg 4 ffi (r 4) (Dtmmy*- * 1 
f = 0. 0 

A4=-0. 491 30x10" 5 
A6=-0. 13094X10' 7 
A8= 0. 12628X10- 12 

£ = 1.0000 
A4=-0. 40869x10- 5 
A6= 0.66663x10- 8 
A8=-0. 53678x10- 10 

mmms)) 

f0=16. 7, f2=57. 331, f 12=68. 876, FN0=3. 0 

[W-bBBIBHS] [B»« " [7^« 
<«1» (G r 1) > 
r1= 199.530 

d1= 3.100 N1= 1.51680 v 1= 64. 20 —61 

r2= 26.454 

d2= 8.300 

r3= '36.771 

d3= 4.400 N2= 1.49300 v 2= 58.34 —132 

r4*= 19.034 

d4= 47. 000 



-8- 



[0 0 4 1 ] 



[0 0 4 2] 



(9) WBR 20 0 0- 305012 

15 "> 
<Sg2SMGr2» 
r5*= 63. 951 

d5= 3.000 N3= 1.80358 v3= 25.38 - GZ 

r6= -161.322 

d6= 0.200 

rl= cx>(SP) 

d7= 16.300 
<m3^(Gr3)> 
r8= -802. 787 

d8= 2.200 N4= 1.68150 v4= 36.64 -G4 

r9= 36. 592 

d9= 2.400 

r10= 41.287 

d10= 6.300 N5= 1.49310 v5= 83.58 -G5 

r11= -35.859 

dl 1= 0. 300 

M2=-261.502 

d12= 2.400 N6= 1.68150 v 6= 36.64 -G6 

r13= 38.369 

d13= 2. 400 
r 14= 41. 327 

dl4 = 7. 2 0 0 N7 = 1. 4 9 3 1 0 

v7= 83.58 " G7 
r15= -41.327 

d15= 0.300 

r16= 242. 124 

d16= 2.800 N8= 1.68150 v 8= 36.64 • -G8 

r17= 32.204 

d17= 4.900 

r18= 84.571 

d18= 5.500 N9= 1.49310 v9= 83.58 ■ -G9 

r19= -75.196 

d19= 0. 300 

r20= 40.282 

d20= 7.000 N10=1. 49310 v 10=83. 58 -G10 

r21=-156.717 

d21=1 1.300 
<^yXA(PR)> 
r22= co 

d22=32.000 N1 1=1. 51680 v 11=64.20 

r23= 

[m 4 m (r4) <mmw^- * i 
F = o. o 

A4=-0. 44192x10' 5 
A6=-0. 12036x10- 7 
A8=-0. 99053x10-' 2 

[m5®(r5)^^®T-'-^] 
* = 1.0000 

-9- 



0 0 4 3] 



(10) M2 0 0 0-3 0 5 0 1 2 

17 18 
A4=-0. 52910x10" 5 
A6= 0.53240x10' 8 
A8=-0. 49495x10" 10 



J4» 

f0=14.0, f2=41.714, f 12=40. 452, FN0=3. 0 

wm*&} m±mnm ir v*<m 

<^lS(Gr1)> 
r1= 56.949 

d1= 3.500 N1 = 1.48749 v 1= 70. 44 -G1 

r2= 24. 421 

d2= 12.200 

r3= 86. 868 

d3= 4.500 N2= 1.49270 v 2= 57.49- -62 

r4*= 20. 404 

d4= 36. 000 
<fg2g£(Gr2)> 
r5= 21.557 

d5= 3.000 N3= 1.80741 v 3= 31. 59 -G3 

r6= 15.241 

d6= 2.200 

r7= 19.987 

d7= 3.500 N4= 1.75000 v 4= 25. 14 -G4 

r8= oo 

d8= 0.500 

r9= co(SP) 

d9= 10.500 
<JB3W-(Gr3)> 
r10= -29. 898 

d10= 2.200 N5= 1.75520 v 5= 27.51 -G5 

r11= 22.237 

d11= 9.000 N6= 1.61800 v 6= 63.39 - 66 

r12= -23.265 

d1 2= 0.300 

r13= 117.095 

d13= 2.500 N7= 1.68150 v 7= 36.64 - G7 

r14= 28.323 

d14= 4. 300 

r!5= 102.045 

d15= 6.000 N8= 1.49700 v 8= 81.61 • -G8 

r16= -38.473 

d16= 0. 300 

r17= 32.282 

d17= 8.700 N9= 1.49700 v 9= 81.61 ■ G9 

r18= -71.281 

d18= 9.000 

r19= oo 

d19=27. 000 N10=1. 51680 v 10=64. 20 

r20= oo 



10- 



[0 0 4 4] 



[0 0 4 5] 



(11) 4#&fi2 000-305 012 

19 20 

[m4Sa(r4)^*®x-^] 
f =0.0 

A4=-0. 64940x10" 5 
A6=-0. 14838x10- 7 
A8= 0.65447 x10" n 

f0=14.0, f2=45. 189, f 12=49. 624, FN0=3. 0 

[A*¥ffl[»±ffiHlfl|] [JBSrW tT^ft] 

<SglS¥(6r1)> 
r1= 66.288 

d1= 3.500 N1= 1.48749 v 1= 70.44 -G1 

r2= 22.848 

d2= 8.000 

r3= 35.813 

d3= 4.500 N2= - 1.49300 v 2= 58. 34 -G2 

r4*= 15.722 

d4= 37. 000 

<Sg2S¥(Gr2)> 
r5= 22.037 

d5= 2.500 N3= 1.83400 v 3= 37. 34 —63 

r6= 15.205 

d6= 2.200 

r7= oo(SP) 

d7= 0.000 

r8*= 20. 985 

d8= 2.500 N4= 1.80358 v4= 25.38 -G4 

r9= 630. 140 

d9= 11.500 
<m3^(Gr3)) 
r 10= -43. 196 

d10= 2.200 N5= 1.75520 v 5= 27.53 -G5 

r 11= 19.887 

d11= 9.000 N6= 1.61800 v 6= 63.39 - G6 

r 12= -26.241 

d12= 0.300 
r 1 3= 145. 159 

dl3= 2.000 N7= 1.68 150 

v7= 36.64 -G7 
r14= 30.380 

d14= 4. 300 

r15= 106. 267 

d15= 6.400 N8= 1.49310 v 8= 83.58 • -G8 

r16= -40.270 

d16= 0.300 

r17= 32.827 

d17= 9.500 N9= 1.49310 v 9= 83.-58 — G9 
r18= -72.527 . 

d18= 9.000 



-11- 



(12) 1^2 000-3 0 5 0 1 2 

21 22 
<yyXix(PR)> 
r 19= oo 

d19=27.000 N10=1. 51680 v 10=64. 20 

r20= «j 

[0 0 4 6] 

[g* 4 m (r4) (Dimmer - ? ] 

F- = 0. 0 

A4= 0.27414X10- 5 
A6=-0. 14397X10" 7 
A8=-0. 34547x10-'° 

[0 0 4 7] 

[fg 8 ® (r 8) coimm *?— $ 1 

f = 1.0000 
A4= 0.16008X10- 5 
A6= 0.78596x10- 7 
A8=-0. 72404 x l 0" 9 

[0 0 4 8] 

((SWJ6» 

f 0=13. 6, f2=67.525, f 12=147. 46, FN0=3. 0 

<miS¥(GrD) 
r1= 59.162 

d1= 4.000 N1= 1.48749 v 1= 70. 44 —61 

r2= 26.134 

d2= 13.200 

r3= 153.479 

d3= 5.000 N2= 1.49270 v 2= 57.49 —62 

r4*= 18.419 

d4= 45. 000 
<3S2W(6r2)> 
r5= 35.872 

d5= 3.000 N3= 1.85000 v 3= 40.04 -63 

r6= 21.190 

d6= 1.500 

r7= oo(SP) 

d7= 0.700 

r8= 29. 378 

d8= 3.500 N4= 1.75520 v 4= 27. 53 — 64 

r9= -178.054 

d9= 16.500 
<fg3g*(Gr3)> 
r10= 90.864 

d10= 1.900 N5= 1.75520 v5= 27.53 - -65 

r11= 31.425 

d11= 6.000 N6= 1.61800 v 6= 63.39 -66 

r 12= -43.387 

d12= 0.300 

r13= -90. 100 

d13= 2.000 N7= 1.68150 v 7= 36.64 -G7 

r14= 29.709 
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[0 0 4 9] 



[0 0 5 0] 



(13) ^2 0 00-3 0 5 0 1 2 

23 24 
d14= 2. 100 

r15= 33.056 

d15= 7.000 N8= 1.49310 v 8= 83.58 -G8 

r16= -40.667 

d16= 0.300 

r17= 169.674 

d17= 2.400 N9= 1.68150 v 9= 36.64 - G9 

r18= 30.391 

d18= 4. 100 

r19= 111.899 

d19= 5.000 N10=1. 49310 v 10=83. 58 -610 

r20= -49. 645 

d20= 0. 300 

r21 = 40.010 

d21= 5.000 N11=1. 49310 v 11=83. 58 "-611 

r22=-189.313 

d22=1 0.000 
<^yXA(PR)> 
r23= oo 

d23=30.000 N1 2=1, 51680 v 12=64. 20 

r24= oo 

[m4®(r4)cO^®x-^] 
f = 0. 0 

A4=-0. 42119x10-5 
A6=-0. 93369X10" 8 
A8= 0.56418X10- 12 

«HSS#J7» 

f0=13. 6, f 2=66. 832, f 12=1 61. 672, FN0=3. 0 

<«l»(Gr1)> 
r1= 59.146 

d1= 4. 000 N1= 1.48749 v 1= 70. 44 •••61 

r2= 26. 131 

d2= 13.200 

r3= 234.521 

d3= 5.000 N2= 1.49270 v 2= 57.49 - 02 

r4*= 18.311 

d4= 45. 000 

<SS2 3¥(Gr2)> 
r5= 28.986 

d5= 3.000 N3= 1.85000 v 3= 40.04 vG3 

r6= 20.434 

d6= 1.200 

r7= oo(SP) 

d7= 1.000 

r8= 34.655 

d8= 3.500 N4= 1.75520 v 4= 27.53 • G4 

r9= -179. 597 

-13- 



[0 0 5 1] 



[0 0 5 2] 



(14) &m2 000-30 5 012 

25 26 
d9= 15.000 
<m3^(Gr3)> 
r 10= 55.466 

d10= 1.900 N5= 1.68150 v 5= .36. 64 -65 

r11= 31.369 

d11= 2.000 

r12= 34.655 

d12= 6.000 N6= 1.49310 v 6= 83^58 -G6 

r13= -34.368 

d13= 0. 300 

r14= -92.901 

d14= 2.000 N7= 1.68150 v 7= 36.64 -G7 

r15= 30.965 

d15= 2. 100 

r 16= 31.751 

d1 6= 7.000 N8= 1.49310 v8= 83.58 -G8 

r17= -39.828 

d1 7= 0.300 

r18= 756.842 

d18= 2.400 N9= 1.68150 v 9= 36.64 —69 

r19= 27:062 

d19= 4. 100 

r20= 76.470 

d20= 5.000 N10=1. 49310 v 10=83. 58 -G10 

r 21 =-49.975 

d21= 0.300 

r22= 37.566 

d22= 5.000 N11=1. 49310 v 11=83. 58 —611 

r23=-235. 184 

d23= 8. 000 
<^yXA(PR)> 
r 24= co 

d24=33.000 N1 2=1. 51680 v 12=64. 20 

r25= co 

[S4l(r4)^«if-^] 
f = 0. 0 

A4=-0. 55889X10- 5 
A6=-0. 97883X10" 8 
A8= 0. 36472x10-' 1 

«H*S#J 8 )) 
f0=13. 6, f2=53. 392, f 12=56. 077, FN0=2. 7 

<fgl?¥(Gr1)> 
r1= 60. 143 

d1= 4.000 N1= 1.48749 v 1= 70.44 •■■61 

r2= 26. 338 

d2= 13. 200 

r3= 71.695 

-14- 



05) »Bfl 2000-305012 

27 28 
d3= 5.000 N2= 1.49270 v 2= 57. 49 - -62 

r4*= 14.814 

d4= 45. 000 
(S2i¥(6r2)> 
r5= 36. 830 

d5= 3.000 N3= 1.85000 v 3= 40. 04 -G3 

r6= 22.912 

d6= 1.500 

r7= co(SP) 

d7= 0.700 

r8= 30. 072 

d8= 3.500 N4= 1.75520 v 4= 27. 53 -G4 

r9= -112.407 

d9= 10.000 
<Sg3S¥(Gr3)> 
M0= 51.037 

d10= 1.900 N5= 1.74000 v5= 31.72 •••G5 

r11 = 31.558 

d11= 2.000 

r12= 34.655 

d12= 6.500 N6= 1.49310 v 6= 83.58 -G6 

r 13= -33.461 

d13= 1.300 

r 14= -32.595 

d14= 2.000 N7= 1.74000 v 7= 31.72 "-G7 

r15= 36.697 

d15= 2. 100 

r16= 40.227 

d16= 7.500 N8= 1.49310 v 8= 83.58 -68 

r 17= -30.745 

d17= 0. 300 

r18= 102.973 

d18= 2.400 N9= 1.68150 v 9= 36.64 -G9 

r19= 30.277 

d19= 4. 100 

r20= 155. 890 

d20= 5. 500 N10=1. 49310 v 10=83. 58 - -G10 

r21= -45.887 

d21= 0.300 

r22= 38.020 

d22= 6.500 N11=1. 49310 v 11=83. 58 - Gil 

r23=-147.657 

d23= 8. 000 
<^yXA(PR)> 
r24= oo 

d24=33. 000 N12=1. 51680 v 12=64. 20 

r25= oo 

[0 0 5 3] 

[jg 4 s (r4) (Dimmv-*- ? ] 

> = 0. 0 

-15- 



(16) M2 0 0 0-3 0 50 1 2 

29 30 
A4= 0.47499x10' 5 
A6=-0. 6661 8x10- 8 
A8=-0. 17670x10" 10 

[0 0 5 4] 

f0=13.6, f2=59.084, f 12=78. 344, FN0=3. 0 

mm*&] m^swiaa chut*] iry^m 

<JBl»(6r1)> 
r1 = 59.213 

d1= 4.000 N1= 1.48749 v 1= 70. 44 —61 

r2= 26. 145 

d2= 13.200 

r3= 132.012 

d3= 5.000 N2= 1.49270 v2= 57.49 -G2 

r4*= 17.745 

d4= 45. 000 
<m2g$(Gr2)> 
r5= 35. 137 

d5= 3.000 N3= 1.85000 v3= 40.04 -G3 

r6= 21.523 

d6= 1.200 

r7= oo(SP) 

d7= 1.000 

r8= 28.429 

d8= 3.500 N4= 1.75520 v 4= 27. 53 -- 64 

r9= -167.639 

d9= 14.500 
<^3^(6r3)> 
r10= 174.597 

d10= 1.900 N5= 1.75520 v5= 27.53 -G5 

r11= 31.502 

d11= 6.000 N6= 1.61800 v6= 63.39 -G6 

r12= -60.985 

d12= 2.300 

r13=-104. 500 

d13= 2.000 N7= 1.74000 v 7= 31.72 - Gl 

r14= 32.501 

d14= 2. 100 

r15= 37.860 

d15= 7.000 N8= 1.61800 v8= 63. 39 • -G8 

r 16= -44.780 

d16= 0.300 

r17= 115.137 

d17= 2.400 N9= 1.74000 v9= 31. 72 -G9 

r18= 31.889 

d18= 4. 100 

r19= 143.235 

d19= 5. 000 N10=1. 48749 v 10=70. 44 - GIO 

r20= -48. 763 

d20= 0. 300 

-16- 



[0 0 5 5] 



[0 0 5 6] 



(17) ^2 000-3 0 5 0 1 2 

31 32 
r21 = 42.427 

d21 = 5.000 N1 1=1. 48749 v 11-70. 44 —Gil 

r22= -97. 679 

d22=1 0.000 

e/y x-mpr>> 

r23= oo 

d23=30.000 N12=1. 51680 v 12=64. 20 

r24= oo 
i = 0. 0 

A4=-0. 33182x10" 5 
A6=-0. 68448x10-8 . 
A8=-0. 49590x10"' 1 

«H5S0iJlO» . 
f 0=1 7.0, f 2=66. 620, f 12=1 01, 011, FN0=3. 0 

[»±flBIB«i] t«#f*] lTv<m 

(*lW(6r1)> 
r1= 52. 995 

d1= 4.400 N1= 1.48749 v 1= 70. 44 • -G1 

r2= 26.161 

d2= 12.000 

r3= 74.584 

d3= 5.600 N2= 1.49270 v 2= 57. 49 — G 2 
r 4 * = 18. 899 

d 4= 4 8. 4 0 0 

<«2B (G r 2) > 
r5= 22. 837 

d5= 2.000 N3= 1.80518 v 3= 25. 43 -G3 

r6= 20. 030 

d6= 3.500 

r7= 61.131 

d7= 3.900 N4= 1.75690 v 4= 29. 69 — G4- 

r8= -113.879 

d8= 1.900 

r9= oo(SP) 

d9= 21. 100 
<Sl3S¥(Gr3)> 
r10=-269. 249 

d10= 4.000 N5= 1.49700 v 5= 81.61 -G5 . 

r11= -37.244 

d1 1=0.300 

r12=-107. 207 

d12= 2.400 N6= 1.68150 v 6= 36.64 - G6 

r13= 36.912 

d13= 2.000 

r 14= 34.173 

d14= 7.800 N7= 1.49700 v 7= 81.61 -G7 

r15= -47.562 



-17- 



(18) 4*BB2 000-305012 

33 34 
d15= 0.300 

r16=-265. 161 

d16= 2.800 N8= 1.68150 v8= 36.64 • -G8 

r17= 31.457 

d17= 3.800 

r18= 52.182 

d18= 7.000 N9= 1.49310 v 9= 83.58 -G9 

r19=-51.292 

d19= 0.300 

r20= 35.751 

d20= 7.000 N1 0=1. 49310 v 10=83. 58 -G10 
r21=-7249.529 

d21= 6.000 
(^DX^(PR)) 
r22= oo 

d22=32.500 N1 1=1. 51680 v 11=64. 20 

r23= oo 

[0 0 5 7] 

[St 4 mirAxotmw?—*] 

£=0.0 

A4= 0.15993X10' 5 
A6=-0. 75948x10" 8 
A8=-0. 74659 x l 0 " 1 1 
[0 0 5 8] 1^1] 



[0 0 5 9] 

So 



[02] JB2^IH6o»18(StlS«2)^u>Xflia;Ho 

im 3 ] m 3 ^nffio^flgmjg^j 3) o v >x«fiRHo 

ibi4] *4 ©jato»B(si*«i4) w u 

lis] $ 5 com^mm mmm 5)<d\^> x*i«ia.- 

me) me <nnm<nitm mmm e ) o u- > 

ii7) <nmm<omm mmm d<d^> x«i«a e 

[HI 8] m8^^CO^(^jS^]8)COU^Xt^lIl c 

[a 9 ] « 9 <nmm<nxm tmmm 9)<nis> xmists* 
[ii.o] $10 ammcowm mm&\ i q)<d u- >x« 
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(19) 


■«f BB 2000-305012 








3d 






[d 


2 0 ] Ht6#j 1 0 <DJR*a. 


risi 11] 




[I9'2 1 ] ^ • jE • ]Eoa****«C*5»t 6«*ftlR« 


[m 1 2 ] 






[m 1 3 ] 
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